SUMMARY
operating theatre, surface electrodes were attached to allow recording of leads I, II and III of the electrocardiagram (Elema Mingograph, Stockholm, Sweden). Following venous cannulation, anaesthesia was induced with fentanyl 2 ug kg" 1 and thiopentone 6 mg kg" 1 , and maintained with 65 % nitrous oxide in oxygen administered by face mask. The ulnar nerve was stimulated supramaximally at the wrist with surface electrodes using repetitive train-of-four stimuli (2 Hz for 2 s at 20-s intervals). Evoked potentials from the adductor pollicis muscle were recorded continuously (Datex, Helsinki, Finland) .
Tracheal intubation was performed after the administration of one of four non-depolarizing neuromuscular blocking agents. Four groups of 20 children received, on a random basis, tubocurarine 0.5 mg kg" 1 , alcuronium 0.25 mg kg" 1 , pancuronium 0.1 mg kg" 1 or vecuronium 0.1 mg kg"
1
. The lungs were ventilated with a Servo-ventilator and end-tidal carbon dioxide concentration was main-tained in the range 5+0.5% (Datex, Helsinki, Finland) .
The electrocardiogram was recorded before and after the induction of anaesthesia, and before and during traction on the extraocular muscles. Heart rate was calculated from the mean of two R-R intervals, and during traction the slowest heart rate was used for analysis. A 20% decrease in the heart rate during traction on an extraocular muscle was considered to be evidence of an oculocardiac reflex. If surgery included correction of more than one muscle, only those changes noted during the operation on the first muscle were used in the study.
If an undesirable increase in heart rate occurred, a supplementary dose of fentanyl or thiopentone or both, was administered. When the amplitude of the first twitch exceeded 30% of the reference value, an additional dose of neuromuscular blocker was given. At the end of surgery, neostigmine 0.04 mg kg" 1 , with atropine 0.02 mg kg" 1 , was administered to antagonize any residual neuromuscular blockade.
Statistical significance was tested with Student's t test, and the value P < 0.05 was considered to be significant.
RESULTS
Details of the patients and surgery are shown in table I. The mean interval between premedication and induction of anaesthesia was 43-44 min, and the duration of surgery 22-25 min, in all groups. Repositioning of the lateral rectus muscle was the most common operation. A supplementary dose of fentanyl or thiopentone, or both, was given to one, four, three and two children in the tubocurarine, alcuronium, pancuronium and vecuronium groups, respectively, and an additional dose of the relevant neuromuscular blocking drug to one, two, one and five children in the respective groups before traction was applied to the extraocular muscle.
At the time of traction on the extraocular muscle, the first twitch amplitude was depressed to less than 22 % of the control value in each group (table II). Single twitch amplitude was less than 10% of control in 13 children in the pancuronium group. The same degree of neuromuscular blockade was seen in six, two and seven children in the tubocurarine, alcuronium and vecuronium groups, respectively. At the time of muscle traction there was no evidence of neuromuscular transmission at all in three children in the pancuronium group and in one child in each of the tubocurarine and vecuronium groups.
Heart rates in the four groups at different stages of anaesthesia and surgery are shown in table III and the changes in mean heart rate are illustrated in figure 1. After the induction of anaesthesia there was a statistically significant increase in heart rate in the alcuronium group and a statistically significant decrease in the vecuronium group. Traction on an extraocular muscle produced statistically significant decreases in mean heart rate in the tubocurarine, pancuronium and vecuronium groups. Mean heart rate returned to the awake value during muscle traction in the alcuronium group.
The oculocardiac reflex was noted in 65-75 % of the patients in the tubocurarine, pancuronium and vecuronium groups, and in 30% of the alcuronium group (table II) . Concomitant arrhythmias with absent, wandering or abnormal P waves and normal QRS complexes were seen in six, one and five patients in the tubocurarine, pancuronium and vecuronium groups, respectively. In the alcuronium group no junctional escape rhythm was seen. Two children showed occasional widening of the QRS complex: one was noted in the alcuronium group before the induction of anaesthesia and the other was in the pancuronium group and did not seem to be related to traction on the extraocular muscle.
DISCUSSION
In this study an attempt was made to produce a consistent depth of anaesthesia and degree of neuromuscular blockade at the time of traction on an extraocular muscle in order to allow comparison between the effects of different neuromuscular blocking agents. It was observed that the incidence of the oculocardiac reflex did not depend on the extraocular muscle involved, confirming the findings of Blanc and co-workers (1983) and Milot and colleagues (1983) , who emphasized that gentle, gradual manipulation of the extraocular muscle is required to diminish the frequency of TABLE III. Mean heart rales {beat min~l) (SD) of the four patient groups during different stages of the procedure. Compared toith awake value: * P < 0.05; ** P < 0.01; *** P < 0.001 the reflex. In our study 56 % of the operations were performed by the same ophthalmologist.
In an earlier study on adult patients during halothane anaesthesia, we found that atropine i.m. 45 min before the induction of anaesthesia diminished the frequency of the oculocardiac reflex in a dose-dependent manner (Karhunen, Cozanitis and Brander, 1984) . In spite of the use of atropine, we found a decrease in heart rate during traction in all four patient groups in this study ( fig. 1) .
Our results show that the effects of individual non-depolarizing neuromuscular blocking agents on heart rate and the frequency of the oculocardiac reflex differed. Alcuronium caused a significant tachycardia during anaesthesia and surgery. Thus the mean heart rate in the alcuronium group decreased to the awake value during traction on an extraocular muscle, in contrast to a significant decrease in heart rate to less than the awake value in the other groups. The oculocardiac reflex and arrhythmias occurred significantly less often in the alcuronium group than in the other groups.
The different effects of tubocurarine and alcuronium on heart rate in these children can be explained by the atropine-like effect of alcuronium on the cholinergic receptors in the heart (Hughes and Chappie, 1976) , as well as by the ganglion blocking activity of tubocurarine (Guyton and Reeder, 1950) . Pancuronium seems to possess the same vagolytic effect on the heart as does alcuronium (Saxena and Bonta, 1970; Hughes and Chappie, 1976; Bowman, 1982) , being additionally capable of facilitating noradrenaline release and blocking the re-uptake of noradrenaline at sympathetic nerve terminals (Marshall and Ojewole, 1979) . The greater decrease in heart rate seen in this study with pancuronium than with alcuronium still lacks an explanation.
Vecuronium caused a significant reduction in mean heart rate ( fig. 1) , consistent with an earlier study by Salmenpera and colleagues (1983) during high-dose fentanyl anaesthesia. Traction on an extraocular muscle resulted in a further decrease in heart rate, and junctional escape rhythms appeared in 25 % of children. As confirmation of other work (Marshall et al., 1980) , no evidence for a vagolytic action of vecuronium was observed.
In conclusion, when a non-depolarizing neuromuscular blocking drug is used during strabismus surgery with nitrous oxide, fentanyl and thiopentone, alcuronium may be preferred to tubocurarine, pancuronium and vecuronium because of its favourable vagolytic effect on the heart.
